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APPARATUS AND METHOD FOR CENTRIFUGAL SEPARATION 

Field of the invention 

5 The present invention relates to ^apparatus and methods for separating and partitioning 
phases of differing densities in multiphase mixtures. 

Background 

10 Multiphase mixtures are generally separated into discrete phases of different density 
components by using centrifugal separators. 

Centrifugal separators generally include a rotor encased in a housing. Attached to the rotor 
is a number of holders in which a number of small containers, such as test tubes, can be 

15 placed. The rotor is rotated and the multiphase mixture in the containers is separated into 
the separate media of the mixture. Once the rotor stops, the separated media is then able to 
be removed from each container either by hand or by a robotic arm. This separator 
processes a large number of small samples in one batch. A problem with this type of 
separator is the containers on the rotor must be arranged to balance the weight distribution 

20 around the rotor prior to the rotation so that the equipment is not damaged by an 
unbalanced loading. 

Another centrifugal separator uses a single rotatable bowl to separate a single sample of 
the multiphase mixture. However, a problem with this type of separator is that remixing of 
25 the separated phases of the multiphase mixture after the rotor has ceased rotating can occur 
before the separated phases can be collected. 
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Another centrifugal separator uses a continuous feed of multiphase mixture into a rotating 
section so that the mixture can be separated into its discrete media. Generally shape of the 
rotating section is such that the media with higher density is directed to stationary 
collection points where it is collected. However this continuous action only allows for a 
5 large sample of the mixture with known density media to be separated and is unsuitable for 
samples with unknown phase amounts or densities. 

There is therefore a need for a centrifugal separator that continuously processes a number 
of samples with unknown phase amounts or phase densities in a timely fashion. 

10 

Statement of Invention 

Accordingly in one aspect, the present invention is an apparatus for separating a 
multiphase mixture, separable into discrete density phases, including: 
15 a circular bowl rotatable about a central axis and having an opening through which 

the mixture is introduced into the bowl, whereby the rotation of the bowl separates 
the mixture to form annular rings of the discrete density phases, and 
a collection assembly for removing the separated discrete density phases, 
wherein the collection assembly is movable with respect to the bowl such that the 
20 collection assembly can be positioned in the bowl to sequentially selectively and 
individually remove the annular columns from the bowl while the bowl is rotating 
substantially without disturbing the remaining annular columns within the bowl. 

The apparatus according to this invention is able to form discrete well defined phases in a 
25 timely manner. The need for sample balancing and those problems associated with loading 
and unloading sample containers are eliminated. The apparatus is also amenable to 
batches of any reasonable amount and is flexible to the proportions and relative densities 
of the mixture to be separated. 
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Preferably the apparatus is able to be automatically cleaned between samples so that an 
automatic and continuous process of separation can occur without cross contamination of 
the samples. 

5 According to another aspect the present invention is a method of separating a multiphase 
mixture separable into discrete density phases, including the steps of: 

introducing the mixture into a circular bowl, the bowl having an opening and a 
central axis of rotation, 

rotating the bowl about the central axis of the bowl such that the mixture is 
10 separated into annular columns formed by the discrete density phases, and 

removing the discrete density phases from the bowl by a collection assembly 
wherein the collection assembly is movable with respect to the bowl such that the 
collection assembly can be positioned in the bowl to sequentially selectively and 
individually remove the annular columns from the bowl while the bowl is rotating 
15 substantially without disturbing the remaining annular columns within the bowL 

The method according to the present invention is able to form discrete well defined phases 
in a timely manner. The need for sample balancing and those problems associated with 
loading and unloading sample containers are eliminated. The method is also amenable to 
20 batches of any reasonable amount and is flexible to the proportions and relative densities 
of the mixture to be separated. 

Preferably the bowl is able to be automatically cleaned between samples so that an 
automatic and continuous process of separation can occur without cross contamination of 
25 the samples. 
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Detailed Description 

Certain embodiments of the invention will now be described by way of example only with 
reference to the accompanying drawings and examples in which: 

5 

Fig 1. is a set of drawings showing a centrifugal separator according to one embodiment of 
the invention prior to the addition of a multipliase mixture. 

Fig. 2 is a set of drawings showing a centrifugal separator as shown in figure 1 after 
separation of the multiphase mixture and removing a portion of the separated mixture from 
10 the separator to waste. 

Fig. 3 is a set of drawings showing a centrifugal separator as shown in figure 1 after 
separation of the multiphase mixture and removing a portion of the separated mixture from 
the separator for further processing. 

Fig. 4 is a set of drawings showing a centrifugal separator as shown in figure 1 after 
15 removal of all components of the separated mixture from the separator and delivering a 
cleaning solution to the separator. 

Fig. 5 is a set of drawings showing a centrifugal separator as shown in figure 1 removing 
the cleaning solution from the separator to waste. 
Fig. 6 is a schematic drawing of a particle undergoing rotation. 
20 Fig. 7 is a schematic drawing of a particle in a ring of fluid undergoing rotation. 

Fig. 8 is a schematic drawing of a particle in a ring of fluid undergoing rotation with a 
collection nozzle. 

Referring to figures 1 to 5, the centrifugal separator 1 has a circular bowl 2, a delivery 
25 conduit 3, and a collection assembly 4. Hxe delivery conduit 3 delivers the multiphase 
solution to the bowl 2 in order that the multipliase mixture can be separated into its discrete 
density phases by rotating the bowl 2 around its central axis. The separated phases form 
annular columns in the rotating bowl 2. The bowl 2 is open topped and is of a shape that 
allows the boundary layer between the separated different density phases of the multiphase 
30 mixture to be accentuated. The shape of the bowl 2 also allows the removal of all of the 
separated multiphase mixture by movement of the collection assembly 4. The collection 
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assembly 4 includes a collection conduit 5, a waste collecting conduit 6, and a cleaning 
solution conduit 7. 

The collection conduit 5 is connected to a pump, not shown, which is able to either directly 
5 pump or create a reduced pressure such that the portion of the separated mixture which is 
to undergo further processing or analysis is able to be drawn into the collection conduit 5. 
The collection assembly 4 is moved so that the end of the collection conduit 8 is able to 
collect that portion of the separated mixture whilst minimising the disruption to the other 
portions of the separated mixture during rotation of the bowl 2. This can be achieved by 
10 moving the end of the collection conduit 8 so that it is proximal to but not touching the 
portion to be collected, as shown in figure 3. 

The waste collecting conduit 6 is also connected to a pump, not shown, which is able to 
either directly pump or create a reduced pressure such that the portion of the separated 

15 mixture which is to be discarded is able to be drawn into the waste collection conduit 6. 
The collection assembly 4 is moved so that the end of the waste collection conduit 9 is able 
to collect that portion of the separated mixture whilst minimising the disruption to the 
other portions of the separated mixture during rotation of the bowl 2. This can be achieved 
by moving the end of the waste collecting conduit so that it is proximal to but not touching 

20 the portion to be collected, as shown in figure 2. 

The cleaning solution conduit 7 is able to supply the bowl 2 with a cleaning solution in 
order for another multiphase mixture to be inserted into a clean bowl, as shown in figure 4. 
The cleaning solution is able to clean the bowl 2 to remove any residue and prevent cross 
25 contamination of samples. The cleaning solution is then able to be removed from the bowl 
by the waste collection conduit 6, as shown in figure 5. 
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A multiphase mixture is separated into discrete density phases by introducing the mixture 
into a circular bowl 2 through the delivery conduit 3, rotating the bowl 2 about its central 
axis such that the mixture is separated into at least two discrete density phases forming 
annular columns, and removing the discrete density phases from the bowl by the collection 
5 assembly 4. The collection assembly 4 is movable with respect to the bowl 4 such that the 
collection assembly 4 can be positioned within the bowl 2 to sequentially selectively and 
individually remove the annular columns in the bowl 2 while the bowl 2 is rotating 
substantially without disturbance of the remaining annular columns within the bowl 2. 

10 The phase with the highest density forms the outer annular column furthest from the 
central axis of the bowl 2, while the phase with the least density forms the inner annular 
column closest to the central axis of the bowl 2. The collection assembly 4 is able to be 
moved so that the collection assembly 4 sequentially collects all of the separated phases, 
with the inner column being collected first, and the outer column being collected last. The 

15 rate of rotation can be reduced during the collection to that in which the separated discrete 
density phases will not remix. 

The cleaning of the bowl 2 by a cleaning solution allows for batch processing of samples 
in a continuous process cycle without cross contamination. In a preferred configuration, an 

20 automated centrifugal separator includes a planar circular bowl for which a motorised 
automated collecting assembly, comprising collection conduits, pumps, valves, cleaning 
conduit and optical detection devices provide for the serial introduction of multiphase 
mixtures into a separation environment, automated collection of the resolved phase 
fractions from the rotating centrifugal separator, and cleaning of bowl between mixtures 

25 during continuous operation of the centrifugal separator. 
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The current understanding of the forces exerted upon the sample at the liquid surface at the 
point of collection are a function of the centrifugal forces and frictional forces acting on 
particles in a rotating liquid are as follows: 

5 1. Consider a particle at the surface of the rotating liquid column within the rotating 
bowl as depicted in Figure 6 where 61 is the axis of rotation, 62 is the *th particle Pi 
at the surface of the rotating annular fluid column, and 63 is the path traversed by 
the particle Pi as the fluid column rotates. Let n be the distance from the centre of 
the disk to the ith particle, and let 0 g be the angle through which the particle is 
10 moved. As the particle is moved through an angle (angular displacement) d0 9 the 

particle moves through a circular arc of length ds t = r t \dd\ 

2. The time rate of change of angular velocity of a rotating object is called the angular 
acceleration a, where: a = d*0/dt* = do/dt 

The angle dd is the angular displacement, within a period of time dt and w is the 
15 angular velocity vector parallel to the direction of rotation. 

3. The linear velocity of a particle at the surface of the rotating liquid is tangential to 
the circular path of the particle and this velocity has magnitude: Vu = ds/dt 

4. The tangential velocity can be related to the angular velocity of the rotating body 
thus: vu = ds/dt = riddl dt = 

20 5. Similarly, the tangential acceleration of the particle on the surface of the rotating 
liquid column is: a u = dvi/dt = ridu/dt Thus: an = /70c 

6. Consider a particle at the surface of the rotating liquid column within the rotating 
bowl as shown in Figure 7, where 71 is the inner surface of the rotating annular 
fluid column 73 on which the ith particle Pi is located, and 72 is the (truncated) 

25 inner wall of the rotating bowl or a boundary layer between the inner column 73 

and an outer column. 

Similarly, the net tangential force exerted on the particle is: Fu — mi an — mi r&t 
where m £ is the mass of the particle P t . 

Thus the tangential force exerted on the particle at the surface of rotating column of 
30 liquid is proportional to the radial distance of the particle from the axis of rotation 

and the tangential acceleration of that particle. 



WO 2005/030361 



PCT/AU2004/001343 



8- 



7. At constant angular velocity that force is zero, however when the particle is 
collected from the surface of the rotating annular column of liquid by the static 
collection conduit (static relative to the circular motion of the liquid column), the 
particle experiences a rapid deceleration and thus experiences a torque force which 
5 approximates to the tangential acceleration Fu = m { au = m g r,-a 

The forces experienced by the particle can be resolved into two components, as 
shown in Figure 7: 

= Fi cos <j> along the radial line n and 
Fu ~ Fi sin $ perpendicular to the radial line 

10 8. Figure 8 shows the aperture of the collection conduit 81 positioned perpendicularly 
at the inner surface of a fluid column 82 of inner radius r,-, rotating within the bowl. 
The distal terminus of the collection conduit leading to the (truncated) proximal 
collection assembly 83. The inner tubular collection conduit 81 has a diameter of 
s ap within which distance particle Pi is collected. The path distance s ap also 

15 approximates the path of circular arc through which particle Pi is decelerated over 

the angle of rotation </9ap in time dtq,. The collection conduit has an outer wall 84. 
The fluid bulk 85 resides in the annular rotating bowl proximal to the inner wall of 
the bowl 86, or a boundary layer between the inner column 85 and an outer column, 
whilst the collection assembly is located towards the axis of rotation of the bowl. 

20 Hence for particles collected by a collection assembly 83 held perpendicular to and 

immediately above the surface of the rotating liquid column 85 showing the 
direction of rotation of the rotor, deceleration of the particles occurs across the 
inner width of the collection conduit 81 as the particles are collected. The force 
applied to these particles thus approximates to the forces occurring during 

25 deceleration of the particle as it moves through a circular arc of approximate length 

ds ap which subtends an angle dO ap , and which is equal to the width of the aperture 
of the collection conduit 81. 

The magnitude of this force F iap will be affected by the time taken for the particle 
to move the displacement distance hence: 
30 F iap = m u riOap = ma n (<?0 ai /dtap 2 ) 
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9. Typically the flow rate of collection of sample from the inner surface of liquid is 
maintained at a rate equal to or greater than the rate at which an equivalent volume 
within the rotating liquid column 85 is presented for collection, ensuring that the 
end of the collection arm does not enter the surface of the liquid and is maintained 

5 outside the liquid surface as the arm moves uniformly and progressively towards 

the inner surface of the liquid 82. Microprocessor control of the speed of arm 
movement and collection pump speed maintains this balance. 

10. Simultaneously, each particle at the surface of the column of liquid 85 also 
experiences a radial acceleration, the centripetal acceleration which points inward 

10 along the radial line, and has a magnitude: 

die = (vtfM = (r/w) 2 /r/ = r £ u 2 
Thus particles at the liquid surface disturbed by collection processes are 
continuously subjected to centripetal acceleration and centripetal forces seeking to 
re-establish a uniform surface on the liquid column 85. 

15 11. A particle collected from the surface must be subjected to a force exceeding a ic = 
(va) 2 /ri = n (f) 2 by the collection assembly to retrieve the particle from the liquid 
surface by pump action. 
12. For a collection conduit held at an angle less than perpendicular [subtending the 
angle # from the perpendicular] to the surface of the rotating liquid column and 

20 facing against the direction of rotation, the forces will be a sum of Fi ap across the 

slanted collection aperture and a component of the vector Fa sin<f> perpendicular to 
the radial line. The force occurring during deceleration of these particles thus 
cannot exceed the maximum force F& The magnitude of this force Fi total will also 
be affected by the time taken for the particle to move the displacement distance. 

25 13. A proportion of the force vector F H sinfy perpendicular to the radial line also drives 
the collected liquid into the collection conduit for a collection conduit held at an 
angle less than perpendicular to the surface of the rotating liquid column and facing 
against the direction of rotation. 



30 
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In one embodiment, the determination between the various components can be achieved by 
identifying the boundary layers of the components in the flow of separated mixture from 
the bowl. Sensing devices, such as devices that measure the optical density or light 
scattering, can be placed in the path of the collected solution and used to detect the 
5 different fractions of the phase solution. Data gained from this sensing actuates the 
appropriate processor controlled to determine whether the column should be collected for 
further processing or discarded to waste. The sensor may be positioned opposite the inlet 
collection conduit or waste collection conduit of the collection assembly. Alternatively a 
sensor may be fixed and determine appropriate fluid fractions for collection and separation 
10 by analysis of scanned data 

In an alternative embodiment, the separate density media are identified in the bowl such 
that each media is identified as being a particular distance from the axis of rotation. The 
collection assembly is then able to move either the collection conduit or the waste 
15 collection conduit to be proximal with the inner column. The subsequent portions can then 
be collected sequentially from inner column to outer column with each discrete density 
media being directed to either waste or a collection container, such as a test tube. The 
separated mixture in the collection container can then be further analysed, for example 
under a microscope or other instrument. 

20 

In yet another embodiment, the flow centrifuge also acts as a mixer in which the bowl can 
be modified to have small mixer/agitator vanes at the base of the bowl to provide for 
complete low speed alternate rotation for mixing of the introduced multiphase mixture, 
prior to centrifugal partition of the aqueous phases. For example, during automated, 

25 continuous operation of the centrifugal separator, the buffer solutions and buffers 
containing plant material disrupted to release the nuclei from cells, phase buffers or other 
appropriate solutions or additives may be added to the bowl and the phase buffer and other 
ingredients gently mixed together by the impeller action of the mixing vanes or agitator at 
low speed. An increase in the speed of rotation in the bowl mode causes the solutions and 

30 materials to migrate along the walls of the bowl under the influence of the applied 
centrifugal field until the solutions accumulate at the radial extremity of the bowl. 
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In an alternative to mixing vanes, the collection assembly moves into the bulk of the 
mixture to provide for a turbulent mixing action to solutions added to the bowl. For 
example, during automated, continuous operation of the centrifugal separator, the buffer 
5 solutions and buffers containing plant material, pliase buffers or other appropriate solutions 
or additives may be added to the bowl and the phase buffer and other ingredients gently 
mixed together by the turbulent action caused by the insertion of the collection assembly 
into the mixture. The withdrawal of the collection arm and an increase in the speed of 
rotation in the centrifuge mode causes the solutions and materials to form annular columns 
10 of the separated discrete density phases. 

In one application of the present invention, a tissue sample, for example plant tissue, would 
normally undergo milling to release cell nuclei prior to separation in the centrifugal 
separator. The milling can be conducted in a separate machine or as part of an automated 
15 tissue milling apparatus in combination with the centrifugal separator. Preferably, the 
tissue has been milled under low shear conditions to maintain the integrity of the DNA. 
Centrifugation can provide for more rapid isolation of nuclei from discrete samples of 
homogenates containing cellular material. The above method may function for batch 
processing of discrete tissue samples in a continuous process cycle. 

20 

Examples of the use of embodiments of the centrifugal separator and methods for 
centrifugal separation will now be described by way of example only. 

Example 1 

25 

A mixture containing three phases in which one of the phases is required to be separated 
from the other two so that it can be further processed and analysed. The mixture 
containing the three phases is introduced into the bowl of the centrifugal separator. The 
rotation of the bowl at a high speed separates the three phases into annular columns, with 
30 the highest density phase at the outer of the bowl and the phase with the least density 
forming the inner column. The phase which is to undergo further processing is situated 



WO 2005/030361 



PCT/AU2004/001343 



-12- 

between the other two phases. 

As the inner most phase is to be discarded, with the bowl still rotating, the collection 
assembly moves the end of the waste collection conduit towards the inner edge of the inner 
5 most column, without disturbing the other columns. As the pump connected to the waste 
collection conduit draws the fluid of the inner column through the conduit, the collection 
assembly moves outwards so that the entire inner column can be collected. 

When it is detected that the entire inner column has been collected and sent to be 
10 discarded, the collection assembly moves so that the collection conduit is able to remove 
the middle column, which is now the inner most column of the remaining two columns. 
The collection of the column is similar to that of the first column, particularly the non 
disturbance of the outer most column, with the exception that the collected phase is 
directed to a container or analysis machine for further processing. 

15 

Once the entire column is collected, the collection assembly is moved so that the waste 
collection conduit is able to collect the outer columns and discard the column. 

The process can then be repeated for another sample of different proportions or phases 
20 directly or after cleaning of the bowl. 

Example 2 

Embodiments of the present invention are particularly suitable for the isolation and 
25 separation of cell nuclei from tissues of plants and other genera and species. For example 
animals (mammals, reptiles, birds, amphibia, fish, insects) and fungi. 

In particular, a two-phase buffer solution in which plant tissue homogenate is mixed 
contains the polymers dextran and polyethylene glycol (PEG) as the immiscible phase 
30 forming agents with the buffer being potassium phosphate in the range pH 7.0-8.0 is 
introduced into the bowl of the centrifugal separator. 
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The bowl is then rotated so that the mixture separates into two discrete phases forming an 
inner annular column and an outer annular column. The particulate matter of the plant 
tissue forms an annular column at the boundary layer of the two columns. The aqueous 
5 two-phase system promotes the partition of free plant cell nuclei within the particulate 
material in the interface region. The separated mixture is scanned to identify the portion 
containing the free plant cell nuclei. A moving collection assembly sequentially collects 
the separated mixture from the bowl while the bowl is rotating. The column containing the 
free cell nuclei is directed to a collection container so that further analysis can be 
10 undertaken to determine the DNA of the plant sample whilst the remaining phases are 
disposed of. 

The bowl is then washed so that the process can be repeated for other samples of various 
amounts and compositions. 

15 

The two-phase buffer solution described above contains agents to protect the integrity of 
plant cell nuclei, to protect DNA integrity by inhibiting the activity of nuclease enzymes 
and to inhibit oxidation processes that promote the polymerization of reactive phenolic 
compounds. The two-phase buffer may also include additives such as soluble 
20 polyvinylpyrrilidone (PVP), EDTA and dithiothreitol or P-mercaptoethanol and a non- 
ionic detergent such as Triton or Tween to facilitate the dispersal of plant cell membranes 
and to promote the solubilization of proteins, polysaccharides and phenolic compounds. 

However, it is to be understood that the foregoing phase-forming polymer compounds are 
25 not exclusive, and that additional or alternative compounds could be included or 
substituted for the forgoing compounds, including such alternative aqueous phase forming 
systems as FicolrDextran, UnconrDextran, hydroxypropyl starch:poly(ethylene glycol) 
(PEG), arabinogalactan:PEG, PVP/PEG:Dextran, PVPiPEG or SaltrPEG, or some other 
combination of an polymer with a substituted-Dextran, or a substituted-poly(ethylene 
30 glycol) polymer with Dextran. 
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Example 3 

Embodiments of the present invention are particularly suitable for the isolation and 
separation of nucleic acids such as genomic DNA and RNA from cell nuclei from tissues 
5 of plants and other genera and species. For example animals (mammals, reptiles, birds, 
amphibia, fish, insects), fungi and bacteria. 

The multiphase mixture can also use selective partition of nucleic acid polymers into 
particular phase layers to partially separate the polymers from other cell particulate 
10 material and soluble polymers that selectively partition into another phase. The phase 
containing the nucleic acid polymer may then be collected and remixed with fresh 
multiphase components to further remove residual components that will partition into a 
different phase to phase in which the nucleic acid is partitioned. 

15 The technique comprises mixing a sample with multiphase mixture and chaotropic ions 
capable of releasing nucleic acids polymers to thereby solubilize the nucleic acids free 
from other contaminant polymers such as proteins and polysaccharides, removing 
contaminants by phase partition, and collecting the nucleic acid enriched phase layer. This 
technique is advantageous in that it is suitable both for the extraction of DNA and for the 

20 extraction of less stable RNA, and capable of giving highly-enriched nucleic acids. The 
steps of separating nucleic acids and other polymers involves procedures such as 
centrifugation, filtration using a filter, etc., and therefore is compatible when used with the 
apparatus described herein. 

25 Example 4 

Embodiments of the present invention are particularly suitable for the isolation and 
separation of nucleic acids such as genomic DNA and RNA from cell nuclei from tissues 
of plants and other genera and species. For example animals (mammals, reptiles, birds, 
30 amphibia, fish, insects), fungi and bacteria. 
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The multiphase mixture can also use selective partition of nucleic acid polymers into 
particular phase layers to partially separate the polymers from other cell particulate 
material and soluble polymers that selectively partition into another phase. The phase 
containing the nucleic acid polymer may then be collected and remixed with fresh 
5 multiphase components to further remove residual components that will partition into a 
different phase to phase in which the nucleic acid is partitioned. 

The multiphase mixture can also use paramagnetic microspheres to reversibly capture 
nucleic acid polymers from relatively pure aqueous solutions including selected phase 
10 layers, employing mass action affinities. Preferably nucleic acid polymers may be 
reversibly bound by mass action to magnetic particles with negatively charged surfaces; 
this surface charge aids the release of bound DNA following the removal of contaminating 
solutes. 

15 The surface of the microsphere may be functionalized and active selective ligands added to 
the surface to provide specificity in the capture of particular biomolecules and particles, 
including nucleic acids. The attachment of planar aromatic compounds such as malachite 
green, phenyl neutral red, phenyl phenazinium dye, polyamines, ethidium, SYBR Green, 
Pico Green, Hoechst 42942, or Hoechst 33258 which display preferential binding for 

20 particular DNA sequences, or particular base pair regions in DNA are known. Such 
affinity dyes can be attached to a variety of solid matrices that act to retain and bind 
nucleic acid to a solid surface. 

The multiphase mixture can also use a wide variety of microparticle supports instead of 
25 microspheres including microparticles made of controlled pore glass (CPG), acrylic 
copolymers, PEG particles, cellulose, nylon, dextran, highly cross-linked polystyrene, 
polyacrolein and the like. 

Alternatively, non-specific nucleic acid-binding techniques which include the use of 
30 detergents, and by the use of chaotropes and a nucleic acid-binding solid phase such as 
silica particles can be used instead of the binders, microspheres or microparticle supports. 
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The technique comprises mixing a sample with nucleic acid-binding silica particles and 
chaotropic ions capable of releasing nucleic acids to thereby bind the nucleic acids to silica 
particles, removing contaminants by washing, and collecting the nucleic acids bound to the 
silica particles. This technique is advantageous in that it is suitable both for the extraction 
5 of DNA and for the extraction of less stable RNA, and capable of giving high-purity 
nucleic acids. The steps of washing the particles having bound nucleic acids involves 
procedures such as centrifugation, filtration using a filter, etc., and therefore is compatible 
when used with the flow centrifugation apparatus described herein. However, it is to be 
understood that the foregoing acrylamide-based affinity particles and DNA-binding silica 
10 matrix particles and magnetic particles are not exclusive, and that additional or alternative 
compounds could be included or substituted for the foregoing compounds. 

Example 5 

15 The selective purification of nucleic acid molecules can also be attained by using the 
apparatus and method described previously. The selective constituent may be any suitable 
medium which may select the molecule of interest by any suitable means. For example, 
the selection may be based on attracting and selectively binding the molecule of interest, 
such as in affinity matrices. 

20 

The selective constituent may also include also employ a particulate bed or affinity matrix 
resins in which an affinity-dye may direct the binding. For example, ethidium, Hoechst 
42942 or SYBR green may be utilised via primary amine or quaternary amine functions 
respectively to the hydroxyl groups on the surface of a polyacrylamide particle, or 

25 sepharose particles, or sulfonyl chloride resin, surface activated nylon, or the surface of 
fine silica dioxide particles, or onto paramagnetic particles possessing a surface coating of 
silica, polyacrylamide or using an aldehyde linker moiety. However, it is to be understood 
that the foregoing acrylamide-based affinity resins and DNA-binding silica matrices are 
not exclusive, and that additional or alternative compounds could be included or 

30 substituted for the foregoing compounds. 



